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(54) METHOD FOR PROD 

(71) I, Rudy W. Gunnerman, a citizen 
of the United States of America, of 535 
Haynes Avenue, Beverly Hills, State of Cali- 
fornia, United States of America, do hereby 
5 declare the invention, for which I pray that a 
patent may be granted to me, and the method 
by which it is to be performed to be particu- 
larly described in and by the following state- 
ment: — 

10 The present invention relates to alkali earth 
sulfides and method of making the same 

A heat barrier is formed which upon the 
application of heat thereto results in the sur- 
face formation upon that composition of an 

15 alkali earth sulfide produced as a result of the 
application of a high temperature atmosphere 
on such surface causing a reaction to take 
place between alkali earth sulfates and the con- 
stituents of thermosetting plastics which have 

20 been intermittently mixed with the alkali earth 
sulfates with the result that a surface reac- 
tion occurs producing an adherent heat re- 
tardant condition upon the surface of the com- 
position and which resists the transmission of 

25 heat into the composition and further is re- 
sistant to the erosion of the surface 

Alkali earth sulfides have relatively high in- 
dices of refraction The alkali sulfides are here 
produced by reacting alkali earth sulfate hy- 

30 drates in which are intermittently mixed ther- 
mosetting plastics which are reacted at high 
temperatures to reduce the hydrated sulfates 
to the alkali earth sulfides as a surface condi- 
tion upon the admixture of the alkali earth 

35 sulfides and thermosetting plastics as an ad- 
herent heat rejecting barrier 
Thisjnvention relates to the production and 



JCING A HEAT BARRIER 

use of a heat barrier composition which is 
effective to prevent the transmission of heat 
and results in the production of a condition 40 
upon the surface of the composition which acts 
as a heat barrier over relatively long periods 
of time and at the same time produces upon 
the surface of the composition a material or 
condition which resists erosion of the surface. 45 

I have discovered that an effective heat bar- 
rier can be produced upon the surface of a 
composition consisting of alkali earth sulfates 
and thermosetting plastics which are intimately 
admixed and where upon the application of 50 
heat to such composition the thermosetting 
plastics disintegrate in such manner as to re- 
sult, upon the continued application of heat 
thereto, in a reducing action within the com- 
position whereby the sulfates are reduced to 55 
the sulfides- as primarily a surface reaction. 

I have further discovered that upon the 
formation of such surface sulfides upon the 
surface of the composition that heat penetra- 
tion into the composition is so reduced as to 60 
effectively retard or prevent disintegration of 
the thermosetting plastics and thereby prevent 
further reduction of the sulfates to the sulfides 
so that erosion of the material upon such 
application of heat is effectively controlled . 65 

I have also discovered that the alkali earth 
sulfides formed upon the surface of such 
composition under the extreme heat applica- 
tion thereto provided by the arc plasma jet 
flames which result in the formation of the 70 
sulfide glaze or film upon the surface pro- 
duces a surface condition where further heat 
penetration into the composition is inhibited 
to such a degree that the back surface of even 
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a thin layer of that composition does not rise 
materially in temperature even on prolonged 
application of such heat condition to the sur- 
face thereof. 

5 I have also discovered that the same for- 
mation of the alkali sulfide upon the surface 
of such composition where acetylene gas torch 
flames are applied directly to such surface re- 
sults in the same apparent rejection of the 
10 heat flow into the material. I have also found 
that the same results are accomplished through 
application of any other high temperature 
atmosphere applied to the surface such, for 
example, as are existent in the exhaust at the 
15 firing of rocket engines or the like 

There has long been sought a preparation 
or composition which would be effective as a 
heat barrier to nrevent transmission of heat 
from one surface to another and which, for 
20 example, might be effectively used under con- 
ditions where high velocity, high temperature 
gas flames or the Jike are applied to a surface 
and which would be effective to prevent the 
heat so transmitted to said surface from be- 
25 ing transmitted through the said material. I 
have discovered that I am able to produce 
such a material by the formation in position 
of alkali earth sulfide glazes upon such surface 
and which apparently act through the property 
30 of reflection or dispersion of the heat so that 
the same is reflected or dispersed away from 
the surface so formed rather than being trans- 
mitted therethrough. 

I have further found that the formation of 
35 the sulfide upon the surface of such composi- 
tion is a surface condition in that the material 
is not seriously eroded during such applica- 
tion of high temperature to its surface due, I 
believe, to the fact that when the sulfides are 
40 formed upon the surface they act to either 
reflect or disperse the heat so that the heat 
flow into the composition is at such a rate 
that the temperature of the material underly- 
ing such sulfide surface does not rise to the 
45 point that further sulfides are formed there- 
under 

In carrying out my invention I intimately 
mix alkali earth sulfates with fine particles of 
thermosetting plastic wherein the alkali earth 

50 sulfates upon taking on water of crystallization 
form a matrix to hold the fine particles of 
thermosetting plastic in intimate contact with 
the alkali earth sulfates so that application of 
high temperature, high velocity reducing at- 

55 mospheres to the surface at or near their 
temperature of heat destruction provides the 
reducing agents, principally carbon, necessary 
to react with the sulfates to reduce die sulfates 
to the sulfide forming what is apparently a 

60 glaze of said sulfides which is, I have found, 
extremely efficient in reflecting or dispersing 
heat so that it does not penetrate the composi- 
tion prepared 
Calcium sulfate, i.e. gypsum (CaS0 4 , 2H 2 0) 

65 is mixed with water to form a slurry using the 



same proportions of gypsum and water as is 
ordinarily used in forming a slurry for casting 
purposes. The slurry thus formed is allowed 
to stand for such period of time as will permit 
the addition thereto of phenolic resin either 70 
in finely ground condition or as microballoons 
without the tendency of the said phenolic resin 
to separate during the subsequent setting, i.e., 
crystallization of the gypsum, which thereby 
forms a matrix holding the phenolic resin 75 
intimately dispersed with the calcium sulfate 
tiiroughout the composition. In this composi- 
tion I employ in this specific example 30% by 
volume of gypsum and 70% by volume of 
finely divided phenolic resin and the amount 80 
of water added to form the slurry is in accord- 
ance with good practice that amount which 
will permit the formation of a thick cream 
slurry, i.e., hi most cases employing the mini- 
mum of water which will permit the formation 85 
of a uniform intimate mixture of the gypsum 
and phenolic resin. The ratio of gypsum, phen- 
olic resin and water employed in forming the 
composition may, of course, be varied depend- 
ing on the density of the mixture desired for 90 
the conditions of application or use desired 
and is not herein set forth as a limitation of 
the proportions of ingredients used in carrying 
out my invention. 

I have similarly prepared compositions em- 95 
ploying beryllium sulfate, magnesium sulfate, 
strontium sulfate, and barium sulfate, and 
phenolic resin, and others of the thermosetting 
plastics. 

In producing the composition embodying 100 
my invention so that it will have flexibility as 
distinguished from rigid compositions pro- 
duced by the above set forth example, I have 
in a similar manner produced the slurry of 
the alkali earth sulfate and water and tliermo- 105 
setting plastic and have added thereto a sus- 
pension of polyvinyl acetate and have found 
that the composition thereby produced is 
flexible as distinguished from a rigid composi- 
tion, the specific example of which is, I have 110 
mixed 100 parts by volume of gypsum, suffi- 
cient water to form the slurry as above des- 
cribed, to which I have added 200 parts by 
volume of phenolic resin, and 100 parts by 
volume of the approximately 50°,;. suspension 115 
of polyvinyl acetate in water and have found 
that upon setting of the alkali earth sulfate, 
that is, upon its crystallization to form the 
matrix holding the plastics in intimate associa- 
tion with the calcium sulfate of composition, 120 
the resultant composition was flexible as dis- 
tinguished from the rigid composition pro- 
duced by the first stated example. The opera- 
tion apparently performed in this example is 
that the addition of the vinyl plastics to the 125 
composition in excess of that set forth in the 
first example given has prevented the complete 
interlock of the crystals of the alkali earth 
sulfate, leaving the composition flexible. 
I have further found that the degree of sub- 130 
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division of the thermosetting plastics employed 
in forming the composition of my invention 
is of importance only in that if relatively large 
particles of the thermosetting plastic are pres- 

5 ent, upon the application of the high tem- 
perature reducing flame to the surface of such 
composition a tendency has been found to 
exist to ignite such large particles but except 
for such unwanted burning upon the surface 

10 there has been no observable effect upon the 
formation of the alkali sulfide glaze upon the 
surface of the composition or the rate of 
erosion thereof. The specific tests which have 
been carried out of the composition embody- 

15 ing my invention are exemplified by the fol- 
lowing : 

A test block of the composition was pre- 
pared in the manner hereinabove set forth in 
which proportions were 70% by volume of 

20 phenolic resin microballoons to 30% by 
volume of gypsum with water which was 
allowed to set to form test blocks which were 
2"X2" square of 1/2" thickness. The arc 
plasma jet flame was applied to the surface 

25 of such block under the following conditions: 



Heat flux (Btu/fr-second) 1000 

Gas Enthalpy (Btu/lb) 6050 

Test Duration in seconds 24 

Stagnation Pressure (psig) 1.242 

Gas Temperature (°F.) 10025 30 

Gas Velocity (ft/second) 1913 

widi the following results: 

Decrease in weight (grams) 4.787 J 

Percentage decrease in weight 3.4 

Depth of erosion in inches in 35 

the surface so exposed 0.199 

Final temperature in °F. 

(a) Back Face 140° 

(b) Front Face (Optical) 4820 

(c) Front Face (Total Radia- 40 
tion) 4340 

Further tests were conducted in blocks of 
the same composition to determine the rate of 
erosion of the surface with the following re- 
sults : 45 



Heat Flux 

(Btu/ft 2 Test Time Erosion Rate 

Specimen sec) (sec) (mil/sec) 

A 100 137 3.27 

50 B 500 24 3.96 

C 500 44 7.70 

D 1000 24 8.30 



Further tests were conducted employing 
larger sheets of the same composition of like 

55 thickness which were tested in an oven over 
propane gas burners which were spaced 18" on 
center and where the burners were placed 30" 
from the face of the test panel. Propane gas 
was burned in the burners under the condi- 

60 tions hereinafter set forth. The temperatures 
at the face of the panel, the face toward which 
the flames were directed were measured by 
means of 8 Chromel-AIumel thermocouples 
encased in 1/2 inch iron pipe and placed 

65 approximately 6" from the panel face. (The 
words "Chromel" and "AluraeF are registered 



Trade Marks). The vertical and lateral place- 
ment of the thermocouples was determined by 
experimentation and visual observation of the 
flow pattern. Thermocouple leads were con- 70 
nected to a rotary switch and readings were 
taken manually from a Technique Associates 
Pyrotemp Model o-B pyrometer. The backside 
temperatures were taken by placing seven iron- 
constatan thermocouples on the cross framing 75 
of the panel and with one couple placed 
directly on the back surface of the composition. 
The following temperature readings in degrees 
Fahrenheit were taken from the panel face: 



80 Temperature Readings, Degree:; P. 

Panel Face 



85 



Minutes 

2 
5 
7 

12 



1 2 

250 200 

490 — 

760 605 

1020 870 



3 

164 



Station No. 
4 5 
164 204 



6 

174 



7 

115 



8 

158 



334 273 
590 — 



630 555 300 280 



Required 
Temp. 



1000 
1150 
1340 



The pressure of the gas flowing to the 
90 burners at the start of the test was five pounds 
per square inch which was increased to ten 
pounds per square inch after five minutes at 



which gas pressure the test was continued for 
the full duration of twelve minutes. 

The temperature at the back of the panel 
taken through the distribution of the thermo- 



1,281,381 



couples as above described were as shown by 
the following table: 

Temperature Readings, Degrees F. 
Panel Back 



Minutes 


Min. 


Max. 


0 


87 


102 


2 


87 


102 


4 


90 


103 


6 


90 


110 


8 


87 


109 


10 


92 


112 


12 


92 


113 


14 


93 


124 


16 


94 


126 


18 


76 


108 



Further tests utilizing substantially the same 
equipment and test samples of the same 
character have been conducted wherein for a 
total elapsed time of two hours and fifteen 

20 minutes die average surface temperatures taken 
over the surface have been in excess of 
1900°F. and the temperature of the back face 
taken likewise over the distributed points as 
hereinabove indicated has been less than 

25 180°F. 

In order to account for the unexpected re- 
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In the above equation, I have not en- 

65 deavorcd to fully balance the equation because 
of the fact that gas analysis of the gas formed 
upon that surface will show variable quantities 
of the respective gases produced dependent 
upon the time when the gas samples were taken 

70 from the surface. Fundamentally these same 
reactions occur in employing the hydrates of 
beryllium sulfate or magnesium sulfate with or 
without strontium sulfate and/or barium sul- 
fate added thereto and with phenolic resin or 

75 other thermosetting plastics, and would logic- 
ally follow with reference to radium sulfate 
although due to the expense and my inability 
to obtain samples and the highly dangerous 
nature of this intensely radioactive material, I 

80 have not actually been able to establish that 
radium sulfate would in all respects act in the 
same manner as the other members of the 
No. 2-A grouping of the Periodic Table. 
It further appears that the active ingredi- 

85 ent of the phenolic resin in carrying out this 
extremely difficult reducing action is brought 
about by that portion of the phenolic resin 



suits, i.c., the formation of the thin adherent 
heat rejective sulfide on the surface, and the 
fact that this material under these conditions 
exhibits these unusual properties of heat re- 30 
jection, I have endeavored to determine as 
nearly as possible the phenomena occurring 
under the conditions as set forth. It appears 
fundamentally that the reaction which is occur- 
ring under the reducing influence of the heat 35 
application to the surface is that the calcium 
sulfate is reduced to calcium sulfite princip- 
ally through the action of chemically active 
carbon in intimate contact with the sulfate. 
When this contact is maintained under the 40 
heat conditions defined there is a direct reduc- 
tion to the sulfide principally through the 
formation of carbon dioxide liberated from the 
surface after or perhaps simultaneously with 
the formation and liberation from the material 45 
of water in the form of steam and the forma- 
tion of some carbon monoxide and traces of 
what I am unable to explain of methane (CH*) 
which is found by analysis of the gas leaving 
the surface of the material under the condi- 50 
tions hereinabove defined, indicating that there 
is present under the conditions of these tests 
an excess of reducing capacity. The primary 
reaction may be, in a somewhat simplified 
form, indicated by the following: 55 



represented by CHOH or the equivalent 
radical of the other thermosetting resins. It is 
possible in this reaction that that portion of 90 
the phenolic resin represented by the QH.OH, 
i.e., the phenol, may leave the reacting area 
and the breakdown of the phenolic resin under 
the heat conditions with or without materially 
affecting the reaction, i.e., the reduction of the 95 
calcium sulfate to sulfide. 

Further tests were conducted by the direct 
application of water to the surface of the 
block immediately after discontinuing the 
application of the high velocity, high intensity 100 
reducing flame to the surface with the inter- 
secting result that practically no steam is 
emitted from the surface, apparently estab- 
lishing the fact that the composition of my 
invention has not retained a high quantum of 105 
heat. 

It has been found that upon the cooling of 
the composition after the formation of the 
calcium sulfide barrier upon its surface where 
the cooling has been permitted to take place 110 
in the atmosphere that there is a deterioration 



Flame 
(1000°F.— 2300°F.) 

lC^H^ + lOCaSO* . 2H,0 > 

(Phenolic (Gypsum) 
Resin) 

— ^lOCas +32H-.0+ 16CO..+5C+ CO +Hydrocarbon 
(Calcium (trace) (trace) 

Sulfide) 
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of the adherent calcium sulfide glaze upon the 
surface apparently due to its reaction with the 
water of the air resulting in the formation 
upon the surface of calcium oxide and free 

5 sulfur and perhaps calcium hydroxide along 
with some residual calcium sulfide depending 
upon the period of time when the observation 
is made. The material thus remaining upon 
die surface after exposure to the hydration by 

10 the water in the air is a white powdery 
material together with the free sulfur as in- 
dicated and this material is no longer tightly 
adherent to die surface. The disintegration of 
the surface condition which takes place when 

15 exposed to the water of the atmosphere has 
been found, however, to have no appreciable 
effect upon the composition embodying my 
invention in that when the surface of such 
composition is subjected to like heat conditions 

20 as hereinabove set forth die thin adherent coat- 
ing of alkali earth sulfide will again form upon 
die surface of the composition forming the 
same heat barrier characteristics hereinabove 
defined. 

25 Where phenolic resin is employed in the 
preparation of the composition embodying my 
invention it may be in the form of a powder or 
granules of phenolic resin produced by grind- 
ing or reducing the particle size of Bakelite 

30 (the word "Bakelite" is a registered Trade 
Mark) or may be in the form of phenolic 
microballoons produced in accordance with the 
disclosure of Patent No. 2,797,210 above re- 
ferred to. As reported in said patent, the 

35 microballoons have a very minute particle size 
with relatively low bulk density. The fact is, 
however, that the phenolic resin has been ex- 
panded by "ballooning" and has not been 
found to have any material effect upon the 

40 properties hereinabove referred to. 

Further, the novelty of my invention lies in 
the use of thermosetting plastics in such com- 
position wherein at the temperature of disin- 
tegration of such composition the carbon re- 

45 suiting from such disintegration acts as the 
primary reducing agent and in that this rate 
of disintegration of the thermosetting plastic 
is retarded by the heat barrier characteristics 
by the formation of the thin layer of sulfide 

50 upon the surface of the composition. 

In carrying out the method embodying my 
invention I have found that I may employ 
any thermosetting plastic which possesses the 
property of heat destruction as opposed to 

55 melting or boiling at elevated temperatures. 
Among the thermosetting plastics I may em- 
ploy are the phenolic resins, urea formalde- 
hydes, melamine formaldehydes and diallyl 
phthalate polymers or prepolymers. The above 

60 specific plastics are set forth as examples only 
and not as limitations of the thermosetting 
plastics which may be used, the necessary fac- 
tor of which is that upon application of heat 
thereto the thermosetting plastics disintegrate 

65 to provide carbon in intimate contact with 



the sulfate to carry out the reduction reaction. 

I have found also that like intimate mix- 
tures of alkali earth sulfides and other carbon- 
aceous materials as plastics which are not 
thermosetting, such for example as polyvinyl 70 
acetates, have a tendency to burn and immedi- 
ately form carbon on the surface of the 
material to disintegrate the composition and 
apparendy do not result in the formation of a 
sulfide adherent layer or glaze and therefore 75 
do not act to control the rate of the reaction 
occurring in the composition and/or the rate 
of erosion thereof. The tendency observed is 
that in such other carbonaceous material the 
material apparendy melts, boils or disin- 80 
tegrates and burns upon the surface as distin- 
guished from the unexpected property ob- 
served herein of the formation of the adherent 
layer, film, or glaze of sulfide upon the surface 
where the thermosetting plastics are used and 85 
die controlled rate of reaction due to such 
glaze of sulfide acting to either reflect or dis- 
perse the heat waves away from the surface 
of the composition. 

I have further observed that it is apparendy 90 
characteristic of my invention that the primary 
reducing action accomplished at the controlled 
rate as herein stated is due to the release of the 
carbon within the composition at the tem- 
perature of disintegration of the thermosetting 95 
plastic and as a result of such disintegration. 

I have also found that in carrying out the 
method embodying my invention, I may apply 
a reinforcing grid prior to the setting of the 
mixture to resist the formations of fissures or iqq 
cracks in the composition during the applica- 
tion of heat thereto. 

WHAT I CLAIM IS: — 

1. A method for producing a heat barrier 
composed of an alkaline earth sulfide, an alka- 105 
line earth sulfate and a source of available 
carbon, said method comprising the steps of: 
bonding fine particles of die source of avail- 
able carbon and alkaline earth sulfate together 

in an intimate mixture and reacting some of 
the source of available carbon and alkaline 
earth sulfate together to form a surface heat 
barrier consisting of the alkaline earth sulfide 
in the form of a surface glaze. 

2. The method of claim 1 wherein the jj5 
chemical reaction is a reduction of an alkaline 
earth sulfate by reaction with carbon to pro- 
duce alkaline earth sulfide and carbon dioxide. 

3. The method of claim 1 or 2 wherein the 
alkaline earth sulfate employed is derived from 120 
the class consisting of beryllium sulfate hy- 
drate, magnesium sulfate hydrate, calcium sul- 
fate hydrate, strontium sulfate and barium sul- 
fate. 

4. The method of claim 1, 2 or 3, wherein 125 
the source of available carbon comprises ther- 
mosetting plastics derived from the class con- 
sisting of phenolic resins, urea formaldehyde 

and melamine formaldehydes which disin- 
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tegrate upon the application of heat thereto to 
provide available carbon. 

5. The method of claim 1, 2 or 3, wherein 
the source of available carbon is a thermoset- 

5 ting plastic selected from the group consisting 
of dialkyl phthalate polymers or prepolymers. 

6. The method of claim 4 or 5 wherein the 
source of available carbon includes polyvinyl 
acetates in addition to said thermosetting 

10 plastics. 

7. The method of any one of claims 1 to 
6 including the step of applying a reinforcing 
grid prior to the setting of the mixture to 
resist the formation of fissures or cracks in the 

15 composition during the application of heat 
thereto. 

8. An article formed by the method of any 
one of claim 1 to 7, comprising an intimate 
mixture of an alkaline earth sulfate and fine 

20 particles of a source of available carbon having 
upon the surface thereof an adherent layer of 
alkaline earth sulfide. 

9. The article of claim S wherein the alka- 
line earth sulfate is calcium sulfate. 

25 10. The article of claim 8 wherein the alka- 
line earth sulfate is beryllium sulfate. 

11. The article of claim 8 wherein the alka- 
line earth sulfate is magnesium sulfate. 

12. The article of claim S wherein the alka- 
30 line earth sulfate is strontium sulfate. 

13. The article of claim S wherein the alka- 
line earth sulfate is barium sulfate. 

14. The article of any one of claims S to 13, 
wherein the source of available carbon is phen- 

35 olic resin. 



15. The article of any one of claim 8 to 13, 
wherein the source of available carbon is urea 
formaldehyde. 

16. The article of any one of claims S to 13, 
wherein the source of carbon is a diallyl ,40 
phthalate polymer or prepolymer. £ 

17. The article of any one of claims S to 16 
wherein there is added a polyvinyl acetate 
which acts to reduce the crystal interlock. 

18. The method of claim 1, wherein said 45 
intimate mixture comprises a substantially uni- 
form mixture of fine particles of phenolic resin 
balloons incorporated in a matrix of gypsum 
and water. 

19. The method of claim 18 wherein the 50 
ratio is 707, by volume of phenolic resin 
balloons to 30% by volume of gypsum. 

20. The method of claim 18 in which the 
ratio by volume of phenolic resin to gypsum is 
related to the density of the mixture. 55 

21. A method for producing a heat barrier 
substantially as herein described. 

22. An article having an adherent alkaline 
earth sulfide surface thereon substantially as 
herein described. 60 
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